Abstract. somatostatin analogs and dopamine agonists are clinically used for medical therapy of functioning pituitary tumors, such as growth hormone-and prolactin-secreting tumors, however, their effects on acTh-secreting tumors are controversial. This study was aimed to determine whether somatostatin receptor (ssTr) subtype (1-5) and dopamine receptor type 2 (d2r) are differentially expressed in pituitary tumors causing cushing's disease (cd), silent corticotroph adenoma (sca), and non-functioning pituitary tumor (nFT). Tissue specimens were obtained from 35 pituitary tumors during transsphenoidal surgery. The steady-state mrna levels of ssTr1-5 and d2r genes were determined by real-time reverse-transcription polymerase chain reaction. Both ssTr1 and 2 mrna levels in sca were greater than cd, while ssTr1 mrna levels, but not ssTr2, in sca were also greater than nFT. ssTr5 mrna levels in cd were greater than sca, but did not differ between nFT and sca. ssTr4 mrna expression was undetectable. d2r mrna levels were markedly lower in cd and sca than in nFT. The present study suggests that somatostatin analogs more selective for ssTr5 and for ssTr1 and/or 2may have the therapeutic potential for medical treatment of cd and sca, respectively, whereas clinical application of dopamine agonists selective for d2r is very limited in either cd or sca.
CUSHING'S disease (cd) is a hypercortisolism secondary to an adrenocorticotropic hormone (acTh)-secreting pituitary tumor, which leads to high mortality rate related to infection and cardiovascular complication [1] . on the other hand, silent corticotroph adenoma (SCA) is defined as a pituitary adenoma with positive immunoreactivity for acTh without any signs or symptoms of cushing's syndrome. although both cd and sca are considered to be derived from corticotroph adenoma, their clinicopathological profiles appear to be entirely different from each other. We have recently reported that genes related to proopiomelanocortin (PoMc) transcription, secretion, and processing are differentially expressed between cd and sca, suggesting that differential gene expression profiles are partly responsible for their different endocrinological and clinical features [2] .
somatostatin receptors (ssTr) are widely distributed in various neuroendocrine cells; there are five members of ssTr, subtype [1] [2] [3] [4] [5] . somatostatin analogs have been shown to directly inhibit growth hormone (Gh) secretion and tumorigenesis in Gh-secreting pituitary tumors through ssTr2 and/or ssTr5 [3] [4] [5] [6] . However, gene expression profile of SSTR subtype in pituitary corticotroph adenoma causing cd and sca has not been fully understood. dopamine agonisits, on the other hand, have been widely used for the medical treatment of prolactin (PrL)-secreting pituitary tumors. although several studies have documented the therapeutic usefulness of dopamine agonists in some cases of cd [7, 8] , gene expression profile of plasma acTh and serum cortisol concentrations, and their lack of diurnal rhythm, suppression after highdose (8 mg) dexamethasone suppression test, and/ or hyperresponse of acTh to corticotropin-releasing hormone (crh), and the presence of a pituitary tumor on a diagnostic magnetic resonance image, and demonstration of the positive acTh immunoreactivity in the pituitary tumor. sca was diagnosed with the positive acTh immunoreactivity of the pituitary tumor without any stigmata of cushing's syndrome. Based on the results from the clinical, endocrinological, and immunohistochemical studies, 12 patients were diagnosed with cd, 8 with sca, and 15 with nFT.
The clinical features of the patients studied are shown in Table 1 . The female-to-male ratio in patients with acTh-secreting tumors (cd and sca) was higher (p < 0.01) than those with nFT. Patients with cd were significantly (p < 0.05) younger than those with sca and nFT. The size of acThsecreting pituitary tumors causing overt cd was significantly (p < 0.05) smaller than those of sca and dopamine receptor subtype in corticotroph adenoma has not been characterized yet.
Therefore, the present study was aimed to examine whether somatostatin receptor subtype [1 -5] and dopamine receptor type 2 (d2r) were differentially expressed in pituitary tumors with cd and sca in comparison with those in nFT.
Patients and Methods

Patients
Thirty-five patients (13 male and 22 female; mean age, 47.8 ± 2.6 years) who underwent transsphenoidal surgery (Tss) for the removal of pituitary tumors, were studied. The protocol was approved by the ethical committees of each institute. informed consent was obtained from each patient before surgery. cd was diagnosed on the basis of signs and symptoms of cushing's syndrome and endocrine data; increased dehydrogenase (GaPdh) was used as the endogenous internal control and the relative levels of each mrna to that of GaPdh were calculated.
Statistical analysis
data were expressed as means ± seM. differences between groups were examined for statistical significance with an unpaired t test or analysis of variance (anoVa) with dunn's post hoc test, if appropriate, and p values less than 0.05 were considered statistically significant.
Results
The steady-state mrna levels of 5 different receptor subtypes [1] [2] [3] [4] [5] of ssTr in cd, sca, and nFT are shown in Fig. 1 . The ssTr1 mrna levels in sca were about 200-fold (p < 0.01) and 17-fold (p < 0.01) greater than those in nFT and cd, respectively; there was no significant difference between nFT and cd. The ssTr2 mrna levels in cd were about 5-fold lower (p < 0.01) than those in sca; there was no significant difference between NFT and SCA. The ssTr3 mrna levels did not differ among the three tumors, while the ssTr5 mrna levels in cd were about 14-fold (p < 0.01) greater than those in sca; there was no significant difference between NFT and nFT. Both the plasma acTh and serum cortisol levels in CD patients were significantly (p < 0.01) higher than those in sca and nFT patients.
Quantification of mRNA
a portion of the tumor tissue specimens obtained during Tss from each pituitary tumor was immediately frozen with rnalater (ambion inc., us) in liquid nitrogen and stored at -80°c until analysis. The remaining tissue specimens were subjected to histological and immunohistochemical analyses. Total rna was extracted from the pituitary tumors (30-200 mg) by using the Trizol reagent protocol (Life Technologies, inc., Gaithersburg, Md). The total RNA (5 µg) was reverse transcribed with a first-strand synthesis kit (Ge healthcare uk). The mrna levels of ssTr1-5 and d2r were quantified with realtime reverse transcription-polymerase chain reaction (RT-PCR) by using fluorescent SYBR green technology (Lightcycler: roche Molecular Biochemicals, Mannheim, Germany). The Pcr primers of the genes were synthesized by Greiner Bio-one (Tokyo, japan), and their sequences are shown in Table 2 . in the SYBR green real-time PCR method, fluorescence data were quantitatively analyzed using a serial dilution of the control samples included in each reaction in order to generate a standard curve. To compare the relative expression of each gene, glyceraldehyde-3-phosphate (17), ssT analogs with affinity to both ssTr2 and ssTr5 inhibited accumulation of intracellular caMP and reduced acTh secretion by inhibiting intracellular ca 2+ in atT-20 cells [18, 19] . Taken together, it is suggested that clinical efficacy of SSTR2-selective somatostatin analogs, such as octreotide and lanreotide, seems to be limited in cd.
on the other hand, soM230 (pasireotide), a somatostatin analog with a higher affinity to ssTr5, is more potent than octreotide in suppressing acTh release from human corticotroph adenomas and mouse atT-20 cells which express ssTr5 more than ssTr2 in vitro as well as in rats in vivo [16, 20, 21] . Furthermore, soM230 has an inhibitory effect on cell proliferation in human corticotroph adenoma cells in vitro [15] . Taken together, it is suggested that somatostatin analogs more selective for ssTr5 such as pasireotide may be a novel potential drug for medical treatment of cd in terms of inhibition of acTh secretion and tumor growth in acTh-secreting pituitary tumors with the robust increase in ssTr5 expression in acTh-secreting pituitary tumors as demonstrated in this study and others [14, 15] . our data complement the previous studies [15, 22] showing that ssTr3 and ssTr 4 mrna are expressed extremely low or undetectable in acThsecreting pituitary tumors, suggesting that both ssTr3 and 4 have little, if any, functional roles in acThsecreting pituitary tumors.
The mechanism(s) responsible for the differential ssTr subtype gene expression between acThsca. ssTr4 mrna expression was barely detected in any pituitary tumors (data not shown).
The steady-state mrna levels of d2r in cd and SCA were significantly (p < 0.01) and markedly lower (about 1/200-300) than those in nFT (Fig. 2) .
Discussion
in this study, we clearly showed that ssTr1-5 and d2r genes are differentially expressed in acThsecreting pituitary tumors causing cd and sca in comparison with those in nFT. Both ssTr1 and ssTr2 mrna levels in sca were robustly increased compared to that in cd, whereas ssTr5 mrna levels in cd were increased compared to that in sca. in contrast, d2r mrna expression was markedly decreased in both cd and sca than that in nFT.
it has been reported that somatostatin has an antiproliferative effect in pancreatic cancer cells via activation of tyrosin phosphatase through ssTr1 [10, 11] , and an inhibitory effect on secretion of α-subunit and chromogranin a from human non-functioning pituitary tumors [12] . however, its effect on cell viability of human non-functioning pituitary adenomas is equivocal [13] . a robust increase in ssTr1 expression as well as a modest increase in ssTr2 expression in sca over cd as shown in this study suggests that any somatostatin analogs more selective for ssTr1 and 2 may be a potential therapeutic drug for medical treatment to inhibit tumor growth of sca with aggressive and invasive characteristics. however, further study is needed to ascertain our assumption.
our data demonstrates that acTh-secreting pituitary tumors causing cd expressed ssTr2 mrna by 5-fold less and ssTr5 mrna by 14-fold more than sca, respectively. our data are in accordance with those of recent studies showing that most acTh-secreting pituitary tumors causing cd expressed ssTr5 more abundantly than ssTr2 by rT-Pcr and immunohistochemistry [14] [15] [16] . in fact, it has been reported that in acTh-secreting pituitary tumors, the relative copy number of ssTr5 gene corrected by a housekeeping gene (hypoxanthine-phosphoribosyl-transferase) was much higher than that of ssTr2 gene [16] .
Although octreotide with higher affinity to SSTR2, has been shown to have neither an inhibitory effect on basal or crh-induced acTh release in patients with cd, nor the anti-proliferative or anti-apoptotic effects tive for d2r for acTh-secreting pituitary tumors is very limited. it has been reported that expression of ssTr protein did not always correlate with that of ssTr mrna in acTh-secreting pituitary tumors, possibly, due to altered mrna stability, translational efficiency, and/or protein clearance [15] . Therefore, it should be kept in mind that the present study has its limitation in terms of the different gene expression profiles in the different pituitary tumors.
in conclusion, the increased expression of ssTr5 in acTh-secreting pituitary tumors causing overt cd and increased expression of ssTr1 and 2 in sca as demonstrated in this study suggest that somatostatin analogs more selective for ssTr5 and ssTr1 and/or 2 could be used as an effective drug for medical treatment for cd and sca, respectively, whereas the clinical application of dopamine agonists selective for d2r is very limited in either cd or sca.
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This study was supported in part by Grants-inaid from the Ministry of education, culture, sports, science and from the Ministry of health, Labor and Welfare, japan. secreting pituitary tumors (cd) and sca remains unknown. Glucocorticoids have been shown to regulate ssTr expression in corticotroph cells [20, 23] ; dexamethasone treatment induced downregulation of ssTr1-4 mrna expression, but upregulation of ssTr5 mrna expression in pituitary tissues in vitro and in vivo [23] . Therefore, it is possible to speculate that glucocorticoids excess may play differential roles of ssTr subtype in the upregulation of ssTr5 and downregulation of ssTr1 and 2 in acTh-secreting pituitary tumors causing cd.
We clearly demonstrated that d2r mrna expression in the acTh-secreting pituitary tumors was far lower than those in the nFTs. dopamine agonists has been reported to be effective in some, but not all, patients with cd by suppressing acTh secretion [7, 8] . short-term treatment with bromocriptine or cabergoline has been reported to induce significant inhibition and normalization of cortisol secretion in about 40% of cd patients [24, 25] . however, the effectiveness of bromocriptine treatment for cd is controversial with a success rate ranging between 0-50% [26] . Moreover, normalization of cortisol secretion and/or tumor shrinkage after long-term treatment with bromocriptine were only sporadically reported, suggesting that only a subset of cd patients respond to chronic bromocriptine treatment [26] [27] [28] . Thus, it is suggested that clinical application of dopamine agonists selec-
